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(54) Title of Invention: Coolant Circuit Simulation Method 



(57) Abstract 

Problem: To make input operations for conducting simulations of coolant circuits as 
simple as possible. 

Means for Resolution: A data file wherein were stored the specifications and 
characteristic computation formula(s) for a compressor and heat exchanger configuring 
a coolant circuit was provided, and the following steps were provided, namely a 
compressor setting step for setting the compressor to be used and the model name 
thereof, a heat exchanger setting step for setting the model name of the heat exchanger 
to be connected to said compressor, a connection relationship building step for building a 
relationship for connecting the set compressor and heat exchanger, a simulation 
program generation step for generating a simulation program based on the set 
compressor and heat exchanger model names, and a simulation execution step wherein 
the generated simulation program performs simulation computations based on the 
specifications and characteristic computation formula(s) for said compressor and heat 
exchanger. 
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Claims 

Claim 1 A coolant circuit simulation method comprising a data file wherein are stored 
the specifications and characteristic computation formula(s) for a compressor and heat 
exchanger configuring a coolant circuit, having the following steps, namely: (a) a 
compressor setting step for setting the compressor to be used and the model name 
thereof, (b) a heat exchanger setting step for setting the model name of the heat 
exchanger to be connected to said compressor, (c) a connection relationship building 
step for building a relationship for connecting the set compressor and heat exchanger, 
(d) a simulation program generation step for generating a simulation program based on 
the set compressor and heat exchanger model names, and (e) a simulation execution 
step wherein the generated simulation program performs simulation computations based 
on the specifications and characteristic computation formula for said compressor and 
heat exchanger. 

Claim 2 The coolant circuit simulation method according to claim 1 , [further] having an 
identical combination detection step for detecting, from among combinations of 
compressors and heat exchangers, identical combinations thereof, using the connection 
relationship set in said connection relationship building step, the model name of the 
compressor set in said compressor setting step, and the model name of the heat 
exchanger set in said heat exchanger setting step. 

Claim 3 The coolant circuit simulation method according to claim 1 , wherein said heat 
exchanger setting step has a model name specification modification step for modifying 
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the specifications of a model name selected from among registered model names, when 
no suitable model name has been registered for the set heat exchanger. 

Claim 4 The coolant circuit simulation method according to claim 3, [further] having a 
model name registration step for registering a heat exchanger having specifications as 
modified in said model name specification modification step, attaching a new model 
name thereto. 

Claim 5 The coolant circuit simulation method according to claim 1 , wherein said 
compressor setting step has a parameter modification step for modifying the parameters 
of the characteristic computation formula for said compressor. 

Claim 6 The coolant circuit simulation method according to claim 5, [further] having a 
computation formula registration step for registering the computation formula modified in 
said parameter modification step as a new characteristic computation formula. 

Claim 7 The coolant circuit simulation method according to claim 1 , wherein said 
simulation execution step has steps for performing characteristic computations for the 
compressor and the heat exchanger based on some assumed vaporization temperature 
and condensation temperature, computing the coolant flow volumes for the compressor 
and heat exchanger in each coolant circuit, and judging coincidences of those coolant 
flow volumes. 
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Claim 8 The coolant circuit simulation method according to claim 1 , wherein a plurality 
of computation formulas is associated with one heat exchanger in the data file in which 
said characteristic computation formulas are stored, and said model name setting step 
has a step for selecting a characteristic computation formula for the set heat exchanger. 

Detailed Description of the Invention 
[0001] 

Technical Field of the Invention: The present invention relates to a simulation 
apparatus for simulating a refrigerator or air conditioner configured by 
pipeline-connecting a compressor to a heat exchanger such as an evaporator or 
condenser or the like, and particularly to a method for simulating a refrigerator or air 
conditioner coolant circuit. 

[0002] 

Prior Art: Refrigerators and air conditioners and the like have a heat exchanger or 
the like typified by a compressor, evaporator, or condenser, as a constituent element 
thereof. These elements are connected in a pipeline system. Accordingly, when 
designing a refrigerator or air conditioner, simulations are performed, and the 
performance of that coolant circuit is analyzed. However, in order to study the 
performance balance between the compressor and the heat exchanger, or the 
specifications of the heat exchanger, simulations are done repeatedly while changing the 
conditions time and again. Furthermore, when inputting the specifications of the 
compressor or heat exchanger in order to execute the simulations, data inputs must be 
done one at a time. As relating to the pipeline connections, moreover, every time the 



5 



configuration of the coolant circuit is modified, a simulation program must be created. 
[0003] 

Problems Solved by the Invention: Thus, conventionally, in order to perform simulations 
on a coolant circuit in a refrigerator or air conditioner or the like, a simulation program 
must be created for that coolant circuit, or an existing program must be modified, and 
much data such as compressor or heat exchanger specifications, or physical values for 
the coolant, air, and water or the like, must be input. For that reason, because input 
misses occur when creating the simulation program or inputting the voluminous data by 
hand, an enormous amount of time is required before the simulations are completed, and 
product development time becomes long. These are problems. 

[0004] An object of the present invention, which was devised for the purpose of 
resolving such problems as noted above, is to provide a simulation method wherewith 
compressor or heat exchanger specification settings can be made with great ease and in 
a short time, and also wherewith accurate coolant pipeline connection settings can be 
easily made. 

[0005] 

Means for Resolving Problems: The coolant circuit simulation method to which the 
present invention relates comprises a data file wherein are stored specifications and 
characteristic computation formulas for the compressor and heat exchanger which 
configure the coolant circuits, and has the following steps, namely (a) a compressor 
setting step for setting the compressor to be used and the model name thereof, (b) a 
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heat exchanger setting step for setting the model name of the heat exchanger to be 
connected to the compressor, (c) a connection relationship building step for building a 
relationship for connecting the set compressor and heat exchanger, (d) a simulation 
program generation step for generating a simulation program based on the set 
compressor and heat exchanger model names, and (e) a simulation execution step 
wherein the generated simulation program performs simulation computations based on 
the specifications and characteristic computation formula for the compressor and heat 
exchanger. 

[0006] [The simulation method] also has an identical combination detection step for 
detecting, from among combinations of compressors and heat exchangers, identical 
combinations thereof, using the connection relationship set in the connection relationship 
building step, the model name of the compressor set in the compressor setting step, and 
the model name of the heat exchanger set in the heat exchanger setting step. 

[0007] In addition, the heat exchanger setting step has a model name specification 
modification step for modifying the specifications of a model name selected from among 
registered model names, when no suitable model name has been registered for the set 
heat exchanger. 

[0008] [The simulation method] also has a model name registration step for registering 
a heat exchanger having specifications as modified in the model name specification 
modification step, attaching a new model name thereto. 
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[0009] Furthermore, the compressor setting step has a parameter modification step for 
modifying the parameters of the characteristic computation formula for the compressor. 

[0010] [The simulation method] also has a computation formula registration step for 
registering the computation formula modified in the parameter modification step as a new 
characteristic computation formula. 

[0011] Also, the simulation execution step has steps for performing characteristic 
computations for the compressor and the heat exchanger based on some assumed 
vaporization temperature and condensation temperature, computing the coolant flow 
volumes for the compressor and heat exchanger in each coolant circuit, and judging 
coincidences of those coolant flow volumes. 

[0012] [In the simulation method], moreover, a plurality of computation formulas is 
associated with one heat exchanger in the data file wherein the characteristic 
computation formulas are stored, and the model name setting step has a step for 
selecting a characteristic computation formula for the set heat exchanger. 

[0013] 

Embodiments of the Invention 

Embodiment 1 : Figs. 1 to 7 are diagrams representing one embodiment of the coolant 
circuit simulation method according to the present invention. Fig. 1 is a diagram of the 
overall configuration of this coolant circuit simulation method. In Fig. 1 , item 1 is a 
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display monitor, such as a CRT or the like, for displaying input screens for entering data 
in order to perform simulations, or displaying simulation results. Item 2 is an input 
device such as a keyboard for entering data. Item 3 is a database file wherein is stored 
specification information for compressors or heat exchangers. Item 4 is a simulation 
processor for executing simulations. This simulation processor 4 is configured by a 
preprocessor 5 for converting input data to computational data, a generator 6 for creating 
simulation programs, a main processor 7 for performing coolant circuit simulations, and a 
post-processor 8 for graphically displaying simulation results produced by the main 
processor 7 on the display monitor 1 . Item 9 is a program file group wherein are stored 
computation formulas and data for defining the specifications of the elements which 
configure the coolant circuit. And item 10 is an output file wherein are stored the 
detailed results produced by the simulation executed by the main processor 7. 

[0014] Fig. 2 is a flowchart indicating the processing routines for the simulation 
processor 4. Fig. 3 is a flowchart indicating the details of the processing routines for the 
preprocessor 5 which configures the simulation processor 4. Fig. 4 is an example 
wherein pipeline connection data produced during the processing of the preprocessor 5 
are displayed in an array. Fig. 5 is a diagram representing a computation method for 
coolant circuits not belonging to the same coolant circuit. Fig. 6 is a diagram 
representing a computation method for coolant circuits belonging to the same coolant 
circuit. And Fig. 7 is a flowchart indicating processing routines for performing a coolant 
circuit simulation based on a coolant circuit set by execution of the preprocessor 5. 
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[0015] The operations of this embodiment 1 are now described with reference to the 
drawings. The overall operations are first described with reference to Fig. 2. In step 
S201 , the preprocessor 5, in accordance with data input from the keyboard 2 by an 
operator (a person performing a simulation), such as the compressor and heat 
exchanger connection relationship and the model names and the like of the compressor 
and the heat exchanger (the connection relationship setting step and model name 
setting step), selects necessary sub-programs from the sub-program group 9 (part of the 
data file), and generates a generator for linking those (part of the simulation program 
generation step). The generated generator 6 is run in step S202, and the main 
processor 7, that is, the simulation program, is generated (part of the simulation program 
generation step). In step S203, the generated main processor 7 reads in specification 
data relating to the configuring elements (compressor, evaporator, condenser) from the 
database file 3 (part of the data file), performs simulation computations, and stores the 
simulation results in the output file 10 (simulation execution step). The simulation 
results are graphically displayed on the display monitor 1 by the post-processor 8 in step 
S204. 

[001 6] Next, the details of the processing routine of the preprocessor 5 in step S201 are 
described with reference to Fig. 3. Fig. 3 indicates in detail the pipeline setting input 
processing and the processing routines executed by the preprocessor 5 in step S201 . 
First, in step S301 , the operator is instructed on a screen on the display monitor 1 to set 
the coolant pipeline connections. In step S302, the operator designates the 
compressor in the circuit to be set, using the keyboard 2, while observing the screen on 



10 



the display monitor 1 (compressor setting step). The preprocessor 5 judges whether or 
not there is a heat exchanger such as an evaporator or condenser for connection to the 
compressor designated by the operator in step S303 [sic: original ambiguity retained], 

(1 ) When heat exchangers to be connected exist 

In this case, in step 304, an evaporator for connection to the designated 
compressor is designated (part of the heat exchanger setting step). Next, in step S305, 
a decision is made as to whether or not any evaporators to be connected, besides the 
evaporator designated in step S304, also exist; when such do exist, the number of 
evaporators is counted in step S306, another evaporator is designated in step S304 
again, and the processing from step S304 to step S306 is repeated until all of the 
evaporators to be connected are designated. For cases also where condensers exist 
which are to be connected to the compressor, the processing from step S307 (part of the 
heat exchanger setting step) to step S309 is repeated by the same procedure as in the 
case of evaporators. 

(2) When no heat exchangers to be connected exist 

When it has been judged in step S303 that no heat exchangers to be connected 
to the compressor exist, the processing is advanced to step S310, and a decision is 
made as to whether or not another condenser has been designated in step S302. 
When such has been designated, step S302 is again returned to, and the processing 
from step S303 to step S3 10 is repeated. In step S310, when no other condenser has 
been designated, step S311 is advanced to. 
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[0017] Thus, when combinations with heat exchangers have been determined for all of 
the designated compressors, in step S311, combinations with designated heat 
exchangers for each compressor are compared, and, if the combinations are the 
identical, step S312 is advanced to and those condensers are judged to belong to the 
same circuit. When the combinations differ, step S31 3 is advanced to, and processing 
which deems [that] to be another circuit is performed. 

[0018] Fig. 4 is one example wherein pipeline connection data created in step S311 
(connection relationship creation step) diagrammed in Fig. 3 are displayed in an array. 
Column 41 represents the compressor number, and, in this example, ten compressors 
can be set. Row 42, meanwhile, represents evaporators and condensers. In this 
example, ten evaporators can be set, from row numbers 1 to 10, and ten condensers can 
be set, from row numbers 11 to 20. In the array in the example diagrammed in Fig. 4, it 
is shown that, by inputting 1s to elements, the evaporator of row number 1 and the 
condenser of row number 11 are connected to the compressor of column number 1 , the 
evaporator of row number 2 and the condenser of row number 12 are connected to the 
compressor of column number 3, and the evaporator of row number 1 and the condenser 
of row number 1 1 are connected to the compressor of column number 5. By 
representing the pipeline connection data in this manner, if the difference between row 
vectors which are not [in] a zero array are found, and a judgment is made as to whether 
or not [such] will become zero, combinations of heat exchangers connected to 
condensers can easily be compared. 
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[0019] In Fig. 5 is diagrammed a computation method for coolant circuits which do not 
belong to the same coolant circuit. In this example, the difference between the 1st row 
vector and the 3rd row vector in Fig. 4 is found, and, from the fact that that does not 
become zero, it is learned that the coolant circuits represented by these two vectors 
belong to different circuits. 

[0020] In Fig. 6, a computation method for coolant circuits belonging to the same 
coolant circuit is diagrammed. From the fact that the difference between the 1st row 
vector and the 5th row vector in Fig. 4 becomes zero, it is learned that the coolant circuits 
represented by these two vectors belong to the same circuit, and that the 1st evaporator 
and the 11th condenser are connected to two compressors, namely the 1st and the 5th. 

[0021] Next, the processing executed by the main processor 7 in step S203 is described 
with reference to the flow chart in Fig. 7. Fig. 7 diagrams computational routines for 
performing coolant circuit simulations executed by the main processor 7, based on the 
coolant circuits set in the processing of the preprocessor 5. First, in step S701 , the 
operator, using the keyboard 2, allots (an) evaporator(s) and (a) condenser(s) to each 
coolant circuit. In the main processor 7, characteristic computations for the condensers 
are performed based on the evaporation temperature and condensation temperature set 
by the operator in step S702, and the coolant flow volumes are found. Next, in step 
S703, characteristic computations for the evaporators are performed and the coolant 
flow volumes are found. Then, in step S704, characteristic computations for the 
condensers are performed and the coolant flow volumes are found. Then, in step 705, 
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the coolant flow volumes found from the characteristic computations for the compressors, 
evaporators, and condensers are totaled for the compressor group, evaporator group, 
and condenser group belonging to the same coolant circuit. Last of all, in step S706, 
the compressor group coolant flow volumes, evaporator group coolant flow volumes, and 
condenser group coolant flow volumes found in step S705 are compared for each 
coolant circuit, and, if they all agree, the simulation is complete. If the coolant flow 
volumes differ, step S707 is advanced to, and the operator is prompted to again assume 
and set evaporation temperatures and condensation temperatures for each circuit. 
After that, from the keyboard 2, the operator redoes the characteristic computations from 
step S702, using the reset evaporation and condensation temperatures. 

[0022] In embodiment 1 described above, moreover, the database file 3 and 
sub-program file group 9 are configured in separate file units, but there is no absolute 
requirement that they be separate file units, and they may be configured in the same file 
unit. 

[0023] Thus, as based on this embodiment 1, the coolant pipeline settings can be built 
with a minimum of inputs, wherefore creating a model of a coolant circuit having a 
plurality of compressors and heat exchangers in parallel can be done in a short time. 

[0024] Embodiment 2: Figs. 8, 9, and 10 are diagrams for describing in detail the 
method, in the coolant circuit simulation method according to the present invention, for 
setting the compressor specifications. Fig. 8 is a diagram depicting an example of an 
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input screen for entering compressor specifications. Fig. 9 is a diagram depicting one 
example of an input screen for setting the specifications by entering the model name for 
the compressor designated from the input screen depicted in Fig. 8. And Fig. 10 
depicts one example of an input screen for setting the data necessary for the 
characteristic computations for another compressor having the performance curve for 
the compressor set using the input screen diagrammed in Fig. 9. With this embodiment 
2, a description is given for a method of setting compressor specifications data in a 
single batch using the model name. 

[0025] The processing in this embodiment 2 is now described, making reference to the 
drawings. In Fig. 8, item 81 is a screen area displaying the content of the input screen 
currently being worked in, while 82 is a screen area wherein such things as the coolant 
circuit diagram and a list or the like of the elements such as compressors or heat 
exchangers configuring the coolant circuit currently being set are graphically processed 
and displayed. Item 83 is a screen area for entering data, that is, the number of the 
coolant circuit built; in this example, 1 (COMP01) is entered. Item 84 is a screen area 
for displaying items for selection in the input content entered in the input screen area. 
Item 85 is a screen area wherein the input screen switching method is displayed. Here, 
the compressor for which one wishes to set compressor specifications based on the 
coolant circuit diagram displayed in the screen area 82 is designated. 

[0026] Next, the model name is set, using the input screen depicted in Fig. 9, for the 
compressor for which the specifications shown in Fig. 8 are to be set. In Fig. 9, item 91 
is a screen area wherein is displayed a list of the model names of the compressors 
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registered as a database in the database file 3. Item 92 is a screen area for selecting 
and entering the number of the model name desired from the compressor model name 
list displayed in the screen area 91; in this example, 18 will be entered, the compressor 
of model name MR-6SS-60 will be selected, and data for the computation formula for 
computing the performance curve of the compressor of model name MR-6SS-60 will be 
set in a single batch. 

[0027] Next, the data required for doing the characteristic computations for the 
compressor set by model name using the input screen depicted in Fig. 9 are set using 
the input screen depicted in Fig. 10. Fig. 10 depicts one example of an input screen for 
setting the data required for computing the performance curve for the compressor set by 
model name using the input screen in Fig. 9 together with other characteristics of the 
compressor. The characteristic computation formula and compressor type are set 
according to Fig. 9, and the frequency and effective electrical input coefficient are input 
from this screen. In the compressor characteristic computation, moreover, when one 
wishes to take into consideration the pressure loss between the pipelines on the intake 
and discharge sides of the compressor, entries are made for the items from pressure 
loss consideration on (parameter modification step). This computation formula with 
modified parameters can be registered as a new characteristic computation formula 
(computation formula registration step), and employed in the processing from then on. 
Thus, the computational data required for compressor characteristic computation can be 
set with a minimum of inputs, and input errors held down to a minimum. 
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[0028] According to this embodiment 2, as described in the foregoing, all of the 
compressor specifications required for a characteristic computation can be set merely by 
entering the model name. Also, because partial modifications may be made, as 
necessary, data entry labor can be reduced, and input errors held down to a minimum. 
It is also possible to modify a portion of the specifications and register [the result] under a 
new model name. 

[0029] Embodiment 3: Figs. 11 and 12 are figures for describing the details of a 
method for setting the heat exchanger specifications in the coolant circuit simulation 
method according to the present invention. Fig. 11 depicts an example of a screen for 
setting the specifications of the heat exchanger to be used by the model name, while Fig. 
12 depicts an example of a screen for displaying the specifications set according to Fig. 
11 and also for modifying some of those specifications. This embodiment 3 is one 
wherein the specifications of the heat exchanger to be used are set in a single batch by 
entering the model name. 

[0030] The operations in this embodiment 3 are now described while referring to the 
drawings. After selecting the heat exchanger which one wishes to set, based on the 
coolant circuit diagram, the number of the model name which one wishes to set is 
entered from the list of registered heat exchanger model names displayed on the screen 
depicted in Fig. 11 . In the example given on this screen, number 21 is entered to select 
the heat exchanger having the model number MSZ2801 . If there is no suitable model 
number in the list of registered heat exchanger model names, a model name having 
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similar specifications is selected, and those specifications are modified accordingly. 

[0031] The list of specifications for the heat exchanger set by entering the model name 
on the screen depicted in Fig. 11 is displayed on a screen such as that depicted in Fig. 
12. On this screen, when specifications set in a single batch by model name are to be 
modified, [such] modifications can be made by the input screen common input method of 
entering post-modification values, after making a selection by entering the number of the 
item one wishes to modify (model name specification modification step). In this 
example, number 24 is entered, and the pitch is modified. It is also possible to give a 
heat exchanger for which the specifications have been modified a new model name and 
registering it (model name registration step), and to employ [that heat exchanger] in 
subsequent simulation using the newly registered model name. 

[0032] Thus, based on this embodiment 3, all of the heat exchanger specifications 
required for characteristic computation can be set merely by entering the model name. 
Also, because partial modifications may be made, as necessary, data entry labor can be 
reduced, and input errors held down to a minimum. It is also possible to modify a 
portion of the specifications and register [the heat exchanger] under a new model name. 

[0033] Embodiment 4: Fig. 1 3 is a diagram for describing another embodiment of the 
coolant circuit simulation method according to the present invention. Fig. 1 3 depicts 
one example of the configuration of a plurality of computation formulas contained in one 
file in the sub-program group 9. In the example depicted in Fig. 13, computation 
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formulas for finding the overall heat transfer coefficient of three heat exchangers of 
different shape are comprehended in three files, and a plurality of computation formulas 
is stored in the individual files. That is, in the files 'KFIN,' KTUBU,' and 'KSHEL,' 
indicated at 131 , overall heat transfer coefficients for each of the heat exchangers, that is, 
for a plate-fin-tube, a tube-in-tube, and a shell-tube heat exchanger, are 
comprehensively stored. In determining which computation formula to select, the type 
of heat exchanger, that is, the file, is selected on an input screen that is not depicted in 
the drawings, and the computation formula to be used is then selected. With the 
computation formula selected from the input screen, by passing the indexes held by the 
individual computation formulas, as indicated at 132, between programs, computational 
processing can be performed using the selected computation formula. By adding such 
indexes, moreover, it is also possible to easily add computation formulas. 

[0034] Thus, based on this embodiment 4, provision is made so that the computation 
formula used in the characteristic computation can be selected, wherefore simulations 
closer to the actual design can be performed. 

[0035] 

Advantages of the Invention: Thus, based on the present invention, provision is 
made so that data required for characteristic computations can be input in a single batch 
merely by entering the model name, wherefore coolant pipeline settings can be built with 
a minimum of inputs, and the modeling of coolant circuits having pluralities of 
compressors and heat exchangers in parallel can be done in a short time. Input misses 
can also be reduced. The present invention also is advantageous in that the process 
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time for passing data input by model name in single batches back and forth between 
computational processors can be shortened, and compressor and heat exchanger 
specification data can be accumulated. 

[0036] In addition, provision is made for detecting identical coolant circuits from among 
a plurality of coolant circuits, and provision is made so that simulations for identical 
coolant circuits are displayed with one coolant circuit, wherefore there is no longer any 
need to perform superfluous simulations, and processing efficiency is enhanced. 

[0037] Furthermore,, when a heat exchanger to be used in a coolant circuit has not 
been registered, provision is made so that the specifications of a registered heat 
exchanger having similar specifications can be modified and [that heat exchanger] used, 
so the input operation is simplified. 

[0038] Additionally, provision is made so that a heat exchanger the specifications 
whereof have been modified can be registered as a new heat exchanger, wherefore the 
processing efficiency of the next and following simulations is enhanced. 

[0039] Also, provision is made so that parameters can be modified when conducting 
characteristic computations for compressors, wherefore there is no need to create new 
computation formulas, and simulations can be performed with simple operations. 

[0040] Furthermore, provision is made so that characteristic computation formulas the 
parameters whereof have been modified can be newly registered, wherefore the 
processing efficiency of the next and following simulations is enhanced. 
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[0041] Also, provision is made so that simulations are performed such that the coolant 
flow volumes of the compressors and heat exchangers coincide in each coolant circuit, 
resulting in simulations of good precision. 

[0042] Also, provision is made so that files are configured with a plurality of 
characteristic computation formulas associated with one heat exchanger, and so that 
suitable characteristic computation formulas can be selected, wherefore operation is 
simplified, and the execution efficiency of simulations closer to the actual design 
improves. 

Brief Description of the Drawings 

Fig. 1 is a diagram representing one embodiment of a coolant circuit simulation 
apparatus according to the present invention. 

Fig. 2 is a flowchart indicating simulation processor processing routines. 

Fig. 3 is a flowchart indicating preprocessor processing routines. 

Fig. 4 is a diagram wherein pipeline connection data created in preprocessor 
processing are represented by an array. 

Fig. 5 is a diagram of a computation method for coolant circuits not belonging to 
the same coolant circuit. 

Fig. 6 is a diagram of a computation method for coolant circuits belonging to the 
same coolant circuit. 

Fig. 7 is a flowchart indicating routines for executing a coolant circuit simulation. 
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Fig. 8 is a diagram depicting an example of a display on an input screen for 
selecting compressors in embodiment 2. 

Fig. 9 is a diagram depicting an example of a display on an input screen for 
determining the specifications of a selected compressor by inputting the model name. 

Fig. 10 is a diagram depicting an example of a display on an input screen for 
entering data for performing characteristic computations for a selected compressor. 

Fig. 11 is a diagram depicting an example of a display on an input screen for 
selecting a heat exchanger by inputting the model name in embodiment 3. 

Fig. 12 is a diagram depicting an example of a display on an input screen for 
listing specification data for a selected heat exchanger and entering data for modifying 
specifications. 

Fig. 13 is a diagram representing one example of the configuration of a file for 
computation formulas for performing characteristic computations in embodiment 4. 

Explanation of Symbols 

1 display monitor, 2 keyboard, 3 database file, 4 simulation processor, 
5 preprocessor, 6 generator, 7 main processor, 8 post-processor, 
10 output file, 41 compressor number, 42 evaporator and condenser number, 
131 filename. 
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[Keys to text in drawings] 
Fig. 1 

1 Display monitor 

User interface 

2 Keyboard 

Generation 
Generation 
9 Sub-program file group 

Fig. 2 

5201 Preprocessor Execution 
Select sub-program to be used 
Create Generator 

5202 Generator Execution 
Create Main Processor 
(Include & Link) 

5203 Main Processor Execution 
Read in data base 
Compute coolant circuit 
Output detailed data 

5204 Post Processor Execution 
Designate graph type 
Output graph 



Fig. 3 

5301 Set coolant circuit connections 

5302 Designate compressor 

5303 Is there an evaporator or condenser to be connected? 

5304 Set evaporator No. 

5305 Will another evaporator be connected? 

5306 Count number of evaporators 

5307 Designate condenser No. 

5308 Will another condenser be connected? 

5309 Count number of condensers 

53 10 Will another compressor be designated? 

53 11 Compare combinations of evaporators and/or condensers connected to each 
compressor designated 

When they are the same 

5312 Consider to be the same circuit 
When they differ 

531 3 Consider to be different circuits 
Fig. 7 

5701 Postulate evaporation temperature, condensation temperature 

5702 Compute compressor characteristics 

5703 Compute evaporator characteristics 

5704 Compute condenser characteristics 

5705 Compute coolant flow volumes of the elements in each circuit 

5706 Do the coolant flow volumes of the elements in each circuit coincide? 

5707 Repostulate evaporation temperature and condenser temperature for each circuit 
YES 

End 
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Fig. 8 
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Compressor setting mode i 


Number of compressor to be 

designated or modified 

1 COMP01 

2 

3 

4 

5 

6 

7 

8 
g 

10 




Evaporator Compressor Condenser 
[see diagram in original] 










Current setting values 


Compressor 
No. 


Computation formula 


Model name 


1 


Performance formula 


KHV127 


2 






3 






4 






5 






6 






7 






8 






9 






10 






Please enter the appropriate compressor No. 1 


Compressor #4 


99 To compressor setting 
screen 

-9 Return to previous screen 
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Fig. 13 



/ 131 /132 



File 
name 


Type 


Overall heat transfer 
coefficient INDEX 


Overall heat transfer symbol 


KFIN 




INDEX(1)= 1 
= 2 
= 3 
= 4 
= 5 
= 6 


KT (generalized formula 1 ) 
KT (generalized formula 2) 
Kl (generalized formula 1) 
Kl (generalized formula 2) 
KT (experimental formula) 
Kl (experimental formula) 


KTUBE 


Wet 
Dry 
Dry 
Dry 
Wet 


INDEX(6) = 1 
= 2 
= 3 
= 4 
= 5 


KT (generalized formula) 
KT (generalized formula) 
KT (generalized formula) 
KT ( = KT ) 
KT ( = KT ) 


KSHELL 


Wet 
Wet 


INDEX(6) = 1 
= 2 


KT (generalized formula) 
KT ( = KT ) 
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Fig. 9 



/91 

Compressor setting mode 



Evaporator Compressor Condenser 
[see diagram in original] 



Registered compressor 
model name list 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 MR-4SS-50 

12 MR-4SS-60 

13 MR-4MS-50 

14 MR-4MS-60 

15 MR-4LS-50 

16 MR-4LS-60 

17 MR-6SS-50 

18 MR-6SS-60 
19MR-6MS-50 
20 MR-6MS-60 



Please enter the number of the compressor model name. 
18 

(1-10 are user-registered compressors.) 



Heat exchanger #7 



999 Next page 

-9 Return to previous screen 
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Fig. 10 



Compressor setting mode 



Evaporator Compressor Condenser 
[see diagram in original] 



Characteristic computation formula -> [Performance formula] 

Compressor -> I RHV154 1 

[Electrostatic air conditioner scheme] 

Frequency [ 60.0 (Hz) ] 

Effective electrical [illegible] input coefficient [ 0.75 ] 
Pressure loss consideration — > [ Consider ] 



Intake line inner diameter 
Intake line length 
Discharge line inner diameter 
Discharge line length 



>[ 10.30 (mm)] 
>[ 7.0 (M) ] 
[ 7.0 (mm) ] 
[ 1.20 (M) ] 



Do you wish to modify the specifications of another compressor? (Y/N) 
N 



Compressor #13 



-9 Return to 
previous screen 
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Fig. 11 



Heat exchanger physical shape 
input mode 



Evaporator Compressor Condenser 
[see diagram in original] 



Sel 


ting List 






Model 
name 


Type 


1 


HE01 


MSZ2801 


Fin & 
tube 


2 


HE02 




Fin & | 
tube 


3 


HE03 




Fin & 
tube 


4 


HE04 




Fin & 
tube 


5 


HE05 




Fin & 
tube 


6 


HE06 




Fin & 
tube 


7 


HE07 




Fin & 

ti ihfi 


8 


HE08 




Fin & 
tube 


9 








10 








11 


HC01 


MUZ2801 


Fin & 
tube 


12 








13 








14 








15 








16 








17 








18 








19 








20 









Registered heat exchanger 
model name list 

21 MSZ2801 

22 MTZ2810 

23 MTZ4010 

24 MTZ2211 

25 MLZ2810 

26 MLZ4010 

27 MBZ2810 

28 MBZ4010 

29 MEH2820 

30 MEH4020 

31 MEZ6311 

32 MUZ2801 

33 MUH2831 

34 MXZ6710 

35 MXZ5010 

36 PLH71FKD 

37 PCH71EKD 

38 PKH71EKD 

39 PLH125FKD 

40 PCH125EKD 



For new [cases], please select similar item and register 
model name after modifying. 

Please enter the heat exchanger No. 21 
(1 - 20 are user-registered heat exchangers.) 



Heat exchanger #3 



999 Next page 

-9 Return to previous screen 
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Fig. 12 



Heat exchanger physical shape 
input mode 



Evaporator Compressor Condenser 
[see diagram in original] 



Set 


ting List 






Model 
name 


Type 


1 


HE01 


MSZ2801 


Fin & 
tube 


2 


HE02 




Fin & 
tube 


3 


HE03 




Fin& 
tube 


4 


HE04 




Fin& 
tube 


5 


HE05 




Fin& 
tube 


6 


HE06 




Fin & 
tube 


7 


HE07 




Fin & 
tube 


8 


HE08 




Fin& 
tube 


9 








10 








11 


HC01 


MUZ2801 


Fin& 
tube 


12 








13 








14 








15 








16 








17 








18 








19 








20 









Heat exchanger shape 
1) PIPE side 

1 Type = channeled 

2 Outer diameter (wide pipe) = 7.0 mm 

3 Skin thickness (wide pipe) = 0.26 mm 

= 105.0% 
= 0 
= 2 
= 3 
= 2 

= 20.4 mm 
= 12.7 mm 



4 Wide pipe ratio 

5 Cutouts 

6 Number of passes 

7 Number of ranks 

8 Number of files 

9 Rank pitch 
10 File pitch 

11) Fin side 

21 Type 

22 Thickness 

23 Width PIPE 

24 Pitch 

25 Stack length 



= Microslit 
= 0.110 mm 
= 12.7 mm 
= 1.30 mm 
= 665.0 mm 



Where are the points of modification in the shape of the 
heat exchanger? 24 



Heat exchanger #4 



99 Finished 

-9 Return to previous screen 



29 



<10>B*Bttff* (JP) 02) & ffl |* & S (A) Cll>*BMHH&H#e 

#H¥9-257319 

(43)4«8B ¥£9^(1997)10/! 3 B 



(5Dinta e mm^ Rpmmwi fi m^mi 

F2 5B 1/00 F2 SB 1/00 Z 

//G0 6F 17/00 G0 6F 15/20 D 



SQESUR »*JB©»8 OL (£ 12 H) 



<21)ttffl»# 


4$H¥8-66217 


(71)ffiHA 


000006013 










(22) fflS B 


¥£8^(1996) 3 JI22B 




)»K»=P«fflEyLOrtrTl 2#3# 






(72)fglj>» 










jea»=mBaKA©rt-TB2»3^ h 














(74)fS8A 


#a± sea W3«) 



(54) [89i©**M ft»lHlK©'>5aU— >3>»* 



(57) [Rft] 

v a ytmZ'if* a x 5 a V-x 3 ymrXSSrtt'tt 




. Paoegof12 

„ '— 8 ' 

P 9-257319 ■ 



(3) 

[ o o o 6 1 z fc. iwaMaww«fixeTS5e*nfc 

I o o o 7 ] *fc . i^^s 
i o o o 8 1 *fc . fria^=stt«^sx§t"^^^ tt 

[ 0 0 0 9 ] *fc . «BEEEIMiIB£rfiti» ffiaEJi^ 
[ o 0 1 0 ] it:. ttE/t^-^SSlSTSEKLfc 
[00111 «E^5al/-5'9>'S»Tlfitt, 

[00 1 2] ifc, fuftftlif^fctettUcT-^ 

<ryX'h&. 
[0013] 

cjwm>«iw»wm 

6. 01(4, £OJttM»$'5*V-5>ay*tS«>£ 
?£A:fr$-S*-tf-F3*0Afl§&E» 3liffi»»*fc 
7^4 ttAJr- * *«»t-^ KSCBW D 



#ST9-2 57319 



1 Oli^M y7'n-fe-yt7T'^ : fL7txSAU-^3 V 
J: 9*4 fc»il«S*jWfflft3ft *7>7 ^ 7 b7 7 4 

[00143 H2tt, ySil/-yaV7n*7t4« 

!«Ofm}r££*m @7l47*'jro-fe>y^5<0 

[0015] OT. Hfc«RWr* , fc, ClOflteO^® 
Hff-f&A) *-jK-K2*fcA*bfcIBBIli:fk 
rU7*D-t7-t5* i XT"/7'S2 0 llCfcV^-tT* 

J>£J$ZM(D-M) . XT-y7-S2 0 3t-«. ££2*1- 

h7*7 h 7 T A ;n 0 K«*W* < 5 3 
fflfi) . 5,$ l^* 
7-t8CJ:O^Ty7-S204^*3V^. Sb5§SBlfc 

[ooi6iftc, x^yrs2onc*»<t*ryro 

^. y -9-5O5PI#lllOP«^03fcJ:Oii B Ji-6. 03 
lixf-y7S 2 0 1 tfcttST-y 7a* 5*9&fT 

sut^ATJ^at^a^ii^Psa^L/itw 

fcS. jfei*, XT77-S3 01tCfcV^ L «f^t^t 
T H«K«««««»«*fi oZb Srlfci^S 1 OBiS 
±t*S£tS . *T 7 7-S 3 0 2 KfcWC , Sf^tt. 

U7D-fe7-t5(i, XT77S3 0 3(C*3V^t»#**^ 



(5) 



#gPP9-2 57319 



7*-*£Kje**AaBSB*)-0«S:*LT^*. 

mmmzx^t. m,zm^xE3mvimT-fz- 

[0 0 2 51 JUT, 0£#BBL&a^ ZnmMnBm 

2izmh9m£^xmw-rz>. msiz&^x. si 

A y?W£ZixX%7fiZtiZ>Wm8&X'$>&. 8 3(ir 
BP^tSSSL£&«II]ffi<9##S:A:Jj-fl>Hffi«$ 
Z<mx-ttil (C0MP01) tfXJjZtiXU 

B^-ffflffi^?**. 8 5(±, A^fHffiOW 

<omtWitf*ztix^&wmmi$iThh. z^x-itm 
wmm 2iz*2tLtz#it&mmiz&3^xE}mcoti: 

[0026] iKfc* 08fcjnL^tt«5ri6^tl)Effiffi 
*^$^!>BS«lST*J>l. „ 9 2tiHffiS®9 1 K* 

fit v m mm^m^-nn^ ^mtm^, 
<7m*?zMiR ix Kh-thwmm&x'h o , zwrnx-i,} 

18A\U}£tU B£MR-6SS-6 0<7)ffiHifll#ji 
IRSiVOvt, ^OB^MR-6SS-6 0<7)ffi®ScO 

[00 2 7] mz. 09K*U:A:fJ®B£JBV v t^& 

£01 0KS1-A;>]HffiSrfl!^TfS5£-f!>. 010(2. 
H9WA^Bffl^ffl^T^*T-ig^$iX7tffje^^'7 
* - v -7 t ft lzE.m®<Miw¥f&Ztm.-t h <n 
lZ<m%T- f 5- & A^BBOHH* * t T V ^ 
£. 1tMt»^i:ffiffilSoa^ill9C«J:0R«$^> 
(g?S»i:*5!im^A^#S$:iOBfflT'A^-ri.. 4 

wont oe^j«*5:#i: Lfc t ^izwmmmi 

mt&Zti>X'Z&. Z<D£olz % ft/JsOA^JT'Effifll 
c0^tttt^(w£>S^H-»T- ? SrfSJTf * - 1 tfX'Z . 

[00 28] W±<^J:3tC. iOHife^®2(C«kil 

&tS1X'&w?T-?<vAX<v¥f3&'4£ 
It. Afi$Xk&'H®£#i.l>Cfca<T-#§. $^>t^ 



[0029] HMWB©3 .011 fc£tf0 1 2li, £ 
O^BHtc J: hmm><?>v 5 a 3 y#8&:fc(t* 

s. 01 nam-rhm&mcoikm^m^izj: 

•r*®ffi<OW^^f"C*0, 01 2ti01 ltl&jeut 
ttSt i: * t &lz Z Oft»0-&S:^gt * fc*^ 

®ffi^$-^-f0-rj)S. ^onifico^S3«ffiffl-rs 

?*>*. 

[0030] JUT. 0Sr#St^r* { '?>. ^OHifeO^S 
3Kfctf6i!)«HCOV^lKB>Tf*. H*&ls!8&0tZ*-^ 
T, Ift^UcV^aSSSrS^t^ 01 lt^-TH 

f>i5^LJti^^#^S:A^-ri>. znwmeymx' 

tt. #^12 lfcA^LT. MSZ280 10X%£$rf 
*JR53ftS*»Kl/CV**. fcU g&$ivC^*£ft£ 
m^^-SSO+KS^&i^a^^K^ MRU 

•fS.IfcfcJ:')^-*-*. 

[ 0 0 3 1 ] 01 1 tc^L^MffiT'J^&A^^i->Tl5 
1ZZtlK$&iWm<r>ti:®0>-%.li. 0 1 2 fcS* J: o tc 

mmtLxm*zii&. zvwmiz&^xn. mnzi. 

SOS^A^LTS^t^t*. S5Sf^0ffii&A^-r«> 

t A^fflSftilOA^^-C'^gSrff 5 C: k 

S (WWSIi) . ZCOMX'U. S#24*5A^ 

[0032] ULh^J: 3 fc, ^©HMO}g©3(cJ:ii 

(t, A^5Xtft/MiBtw«i^SC:i:* 5 T'#l». 
Xt5<ZbtfX'Zh. 

[0033] $m<mm4 . 0 1 3t±» z^minx 1 

»Bf S0T*fcS. 01 3ti, -t7m/7Af¥9tf)4 1 < 7 > 

*LTH*. 01 3fc*LfcWCtt, 3-oOJ^c7)S^ 

izt b^X. #^7t -f ;K0* fc1«R«IHWk* tMft 
LT^6. Wfe, 13 112***1*7 7^*' KFI 
N' s ' KTUBU' fcil/' KSHEL" (Cli, 

h7-f yf-ji-7. yf-a-7*, yi 



(7) 



KBPP9-257319 



[111 



[04] 





42^ 



[02] 



Preprocessor <D^#T 



GeneratorOffr$ 



S201 



Generator<£>Hff 
MainProcessor&fftjSc 



(Include&Link) 



S202 



MainProcessorff)jfefir 



S203 



Postprocessor^) ^fr 



^7 7^"f^ 



S204 







[05] 







(i\ 








0 




0 
0 


0 
0 




0 
0 


0 
0 




0 
0 


0 
0 




0 

1 


0 

1 




-1 

0 


0 
0 




0 
0 


0 




0 








V 







[06] 



= o 



(9) 



^¥9-257319 



[07] 



•S707 



•S701 



•S702 



•S703 



S704 



S705 




JP 9-257319 



" Rape 'Tl of 12 



(11) 



ttBB¥9-257319 



[010] 



***** — I 



— 1 aao Oh) { 



BAT** — 



i.o W 



111] 



-1 l-*-<z — i-f=y*-4—+ 



w 






1 KM 


1GZ2801 




i am 

> B03 




m 


4 «04 






• mte 

T tt*7 






• am 
t 






is 

UK81 


MJZ280A. 




U 
19 






14 

lfi 






U 
IT 






14 

1* 
M 







to K522B01 

22 UT22810 

23 HTZ4010 

24 

25 KL22810 
28KLZ401O 

27 IBZ28J0 

28 mm. 

29 MB82820 

31 HEZ6311 

32 1GJZ2801 

33 HEZ831 

34 BBB710 
38 1K2BO10 

36 P1H71PHE 

37 PCB7UXD 

38 PECTLEKD 

39 PLE125ra 

40 PC8125EKD 



»3aMi * a 



999 R H 

-9 ttgjEfcgS 



ARTIFACT SHEET 



Enter artifact number below. Artifact number is application number + 
artifact type code (see list below) + sequential letter (A, B, C . . .)• The first 
artifact folder for an artifact type receives the letter A, the second B, etc.. 
Examples: 59123456PA, 59123456PB, 59123456ZA, 59123456ZB 



Indicate quantity of a single type of artifact received but not scanned. Create 
individual artifact folder/box and artifact number for each Artifact Type. 



□ 

Artifact Type Code: P 

□ 

Artifact_T_w>e Code: S 



CD(s) containing: 

computer program listing 
Doc Code: Computer 
pages of specification 
and/or sequence listing 
and/or table 
Doc Code: Artifact 
content unspecified or combined 
Doc Code: Artifact Artifact Type Code: U 

Stapled Set(s) Color Documents or B/W Photographs 
Doc Code: Artifact Artifact Type Code: C 

Microfilm(s) 

Doc Code: Artifact Artifact Type Code: F 

Video tape(s) 

Doc Code: Artifact Artifact Type Code: V 



Model(s) 

Doc Code: Artifact 

Bound Dt)cument(s) 
Doc Code: Artifact 



Artifact Type Code: M 



Artifact Type Code: B 



-Confidential Information Disclosure Statement or Other Documents 
marked Proprietary, Trade Secrets, Subject to Protective Order, 
Material Submitted under MPEP 724.02, etc. 
Doc Code: Artifact Artifact Type Code X 

Other, description: 



Doc Code: Artifact Artifact Type Code: Z 
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